Purpose: To compare differences in the applicability and incidence of postoperative adverse events among stent-grafts used for repair of infrarenal aortic aneurysms.
types were followed by a range of commercially manufactured devices, which have been implanted in relatively large numbers of patients over the past decade. [3] [4] [5] [6] [7] [8] [9] To be effective, a stent-graft needs to maintain fixation, hemodynamic seal, mechanical integrity, and patency over many years. However, a stent-graft implanted in an aortic aneurysm is subjected to several adverse factors that tend to compromise these functions. Several modes of stent-graft failure have been documented, and the lessons learned from early experiences led to changes in various features of many endografts and withdrawal of some early models. 10 Stent-grafts provided by different manufacturers differ in their physical properties and design features. Each stent-graft system has its own characteristics, upon which the manufacturers claim specific advantages in terms of applicability and durability. However, no single device incorporating all the perceived improvements exists, which is at least in part due to patent/copyright protection of some of these design features.
Published comparisons of outcomes with different stent-graft models are confined to short and intermediate-term analyses or small series. [11] [12] [13] [14] [15] [16] Comparison of several stentgraft models in large numbers of patients over mid to long-term follow-up may provide insights into relative strengths of each device. The aim of this study was to compare different models of endografts in terms of preoperative anatomical variables of the aneurysm and postoperative outcomes. The EUROSTAR series is ideally suited for such a comparative assessment because of the range of stentgraft models included. Comparative analysis is indeed one of the prime purposes of a voluntary multicenter registry of this kind. 17 This article provides an extensive amount of data to support detailed comparison among the stent-graft models.
METHODS EUROSTAR Project
EUROSTAR (European Collaborators on Stent-graft Techniques for Abdominal Aortic Aneurysm Repair) project was launched in 1996 in response to the introduction of the new technique of repairing aortic aneurysms. The project was designed as a voluntary panEuropean multicenter registry to allow collection of as much data as possible in as short a time as possible for expeditious scientific evaluation of this technique. Registration is done on an ''intention-to-treat'' basis, and data are collected prospectively by means of case record forms (paper or online format). Preoperative evaluation, operative details, and follow-up data are collected. Follow-up protocol requires patient assessment by contrast-enhanced computed tomography (CT) at 1, 3, 6, 12, and 18 months after the operation and yearly thereafter. The surveillance protocol also includes annual plain radiography and clinical examination. The information is stored on an Oracle database (Oracle Corporation, Redwood Shores, CA, USA) for periodic analysis. Patients enrolled in the database received information about this registry and consented to have their data included in the study. 18, 19 This analysis covered patients who received a commercially made stent-graft be- 
Definitions of Outcome Events
Endoleaks, kinking, migration, and occlusion of the stent-graft occurring after the first postoperative month were included as reported by individual investigators. It is expected that current recommended reporting standards are followed for definition and diagnosis, but the absence of a central core laboratory facility means that these complications are not verified.
Device-related (types I and III) and isolated type II endoleaks were analyzed as separate events. Aneurysm growth and shrinkage were regarded only when the maximum transverse aneurysm diameter changed at least 8 mm from the preoperative measurement. Secondary interventions included all reinterventions other than conversion to open repair, which was regarded as a separate event.
Patient Sample
During the observation period, 6787 patients (6341 men; mean age 72 years, range 28-100) from 181 hospitals (Appendix) in 19 countries were included in this analysis. The mean preoperative aneurysm diameter was 58 mm (range 30-145) and the mean duration of follow-up was 21 months (range 0-108). The distribution of stent-graft models over time is given in Table 1 . Preoperative anatomical characteristics of the aneurysms and other baseline patient characteristics are presented for each stent-graft in Table 2 .
Statistical Analyses
The primary aim of the analysis was to compare patients who were treated by the different stent-graft models. Preoperative anatomical details of the aneurysm were analyzed to identify differences in the applicability of different endograft models. Adverse events during follow-up were examined to characterize the performance of different models. In order to render this comparison quantitative, annual incidence rates (IR ann : number of events/person-years at risk) for each complication were calculated for the entire cohort and for each stent-graft model.
Patients were grouped according to the endograft model. Comparisons performed using Cox proportional hazards modeling are reported as hazard ratios (HR) and 95% confidence intervals. To allow direct comparison between two different stent-grafts models, risks of the different complications were calculated comparing each model of stent-graft against each other model. Thereafter, the risk quantification of complications was adjusted for differences in baseline characteristics because these factors could potentially influence the observed association. Adjustments were made in models with the group of patients who received a Vanguard device as a control. In each consecutive model, one more group of the following factors were added to the prior model: (1) year of operation; (2) age at operation, gender, and smoking status; (3) ''high risk'' for operation and general anesthesia, a history of previous laparotomy, and obesity; (4) preoperative aneurysm morphological characteristics, including maximum diameter, aneurysm length, aortic neck angulation, neck diameter, etc.; and finally (5) stent-graft configuration and experience of the operating team. This stepwise modeling enabled determination of any influence of the individual or grouped baseline characteristics on the risk. Dummy variables were added to the models to account for missing values. Comparisons achieving pϽ0.05 (2-tailed) were considered to be statistically significant. All statistical analyses were performed using SAS software (version 8.0; SAS Institute Inc., Cary, NC, USA)
RESULTS

Endoleaks
Device-related endoleaks were observed at Ն1 month in 10% (nϭ673) of the 6787 patients, within an at-risk period of 10,868 person-years. Overall, the annual incidence rate was 6.2%. It was highest (IR ann : 9.6%) in patients with a Stentor and lowest (IR ann : 4.1%) in patients with a Zenith device ( Table 3) . Statistically significant differences in the risk of device-related endoleak (types I and III) were found for Zenith compared to any other stentgraft except Excluder and for AneuRx, Excluder, and Talent versus EVT/Ancure and Stentor ( The association between Excluder (pϭ0.05) and Vanguard (pϭ0.07) was of borderline significance in the fully adjusted model. Isolated type II endoleaks occurred in 8% (nϭ542) of patients within an at-risk period of 11,203 person-years. The annual incidence rate was 4.8% overall, ranging from 0.3% in patients with a Stentor to 10.5% in patients with an Excluder device ( Table 3 ). The risk of isolated type II endoleak (Table 4 ) differed significantly for Excluder compared to any other label except EVT/Ancure, for Stentor versus any other label, and for Talent compared to Zenith. The risk was 88% lower in patients with a Stentor (HR: 0.12, pϽ0.001), and 1.54 times increased in patients with an Excluder (pϭ0.004) compared to Vanguard (Table 5) . However, these associations were due to differences in baseline characteristics. Statistically significant reductions in isolated type II endoleaks appeared in patients with an AneuRx (HR: 0.71, pϭ0.045), a Talent (HR: 0.45, pϽ0.001), or a Zenith (HR: 0.59, pϭ0.007) device versus Vanguard after correction for year of operation and persisted in the fully adjusted model.
Change in Aneurysm Diameter Ն8 mm
Aneurysm diameter increase occurred in 6% (nϭ378) of the patients within an at-risk period of 11,332 person-years. Overall, the annual incidence rate was 3.3%, ranging from 2.2% in patients with an EVT/Ancure to 4.3% in patients with a Talent device (Table 3 ). Aneurysm growth was found to be statistically different only between patients with an AneuRx (HR: 0.68, pϭ0.03) stent-graft compared to patients with a Talent device ( Table  4 ). This remained unchanged after adjusted analysis with Talent as control (data not shown). None of the stent-grafts differed from Vanguard regarding growth of the aneurysm ( Table 5) .
Shrinkage of the aneurysm diameter occurred in 5 times as many patients (30%, nϭ2031) within a much shorter at-risk period (8931 person-years). The overall annual incidence rate was 22.7%. Shrinkage was observed most often (IR ann : 35.0%) in patients with a Zenith and least often (IR ann : 6.6%) in patients with a Stentor device (Table 3) . Statistically significant differences in the hazard ratio of shrinkage were found between almost all stent-graft labels except AneuRx and Excluder, both versus Vanguard and each other, and for Talent and Zenith compared to EVT/ Ancure (Table 4 ). In the unadjusted comparison to Vanguard (Table 5) , the aneurysm shrank least often in patients with a Stentor (HR: 0.49, pϽ0.001) and more frequently in patients with EVT/Ancure (HR: 1.41, pϭ0.008), Talent (HR: 1.36, pϽ0.001), or Zenith (HR: 1.54, pϽ0.001) devices. After adjustment for baseline characteristics, the associations of EVT/ Ancure, Talent, and Zenith were unchanged.
Migration
Graft migration was observed in 5% (nϭ323) of the patients in an at-risk period of 11,459 person-years. The annual incidence rate, which was 2.8% overall, ranged from 0.5% in patients with an EVT/Ancure to 5.0% in patients with a Vanguard stent-graft (Table  3 ). Higher risk of graft migration was found between AneuRx and Vanguard devices compared to the other stent-grafts and between Stentor and Talent versus EVT/Ancure, Excluder, and Zenith (Tables 4 and 5 ). In the adjusted model compared to Vanguard (Table 5) , the significance of the decreased risks of migration remained, except in patients with a Stentor or AneuRx device.
Kinking
Stent-graft kinking occurred in 4% (nϭ257) of the patients during an at-risk period of 11,387 person-years. Overall, the annual incidence rate of kinking was 2.3%. It was highest (IR ann : 5.0%) for patients with a Vanguard and lowest (IR ann : 0.6%) for patients with an Ex- van cluder stent-graft (Table 3 ). The risk of graft kinking differed significantly between thirdgeneration models (AneuRx, Excluder, Talent, and Zenith) compared to the early models (EVT/Ancure, Stentor, and Vanguard; Tables 4  and 5 ). The risk of kinking in any stent-graft but Stentor versus Vanguard (Table 5) remained significantly lower after adjustment for the differences in baseline characteristics (Table 5 ).
Occlusion
Stent-graft occlusion was also reported in 5% (nϭ367) of the patients, though in a shorter at-risk period (11,316 person-years). The overall annual incidence rate was 3.2% (range 1.1% for Excluder to 5.3% for Vanguard; Table  3 ). The risk of graft (limb) occlusion was reduced in patients with an Excluder compared to any other stent-graft and in patients with an AneuRx or Talent compared to Zenith. All of these in turn had a lower risk of limb occlusion than Stentor or Vanguard (Tables 4  and 5 ). Significance of any of the associations compared to Vanguard (Table 5 ) remained after adjustments for baseline characteristics.
Reinterventions
Conversion to open repair was performed in 3% (nϭ234) of all patients. Of these, 76 conversions were performed within 30 days of the initial operation. The annual incidence rate for conversion was 2.0% overall. It was highest in patients with an EVT/Ancure (5.4%) and lowest for patients with a Zenith stentgraft (0.6%; Table 3 ). Comparison of stentgrafts showed a significantly lower conversion risk in patients with an Excluder or Zenith compared to any other device and for AneuRx or Talent compared to EVT/Ancure and Stentor (Table 4) . After adjustments, the risk of conversion to open repair was 2.32 times higher in patients with an EVT/Ancure (pϭ0.02) and 62% lower in patients with a Zenith device (pϭ0.008) compared to Vanguard (Table 5 ), but this risk was no longer significantly different between Vanguard and Excluder.
One or more secondary interventions were necessary in 11% (nϭ771) of the patients; these were transfemoral, transabdominal, and extra-anatomic, respectively, in 625, 59, and 162 patients. The annual incidence rate was 7.3% (range from 3.5% for Excluder to 10.7% for Vanguard; Table 3 ). The risk of these reinterventions was significantly reduced for Excluder compared to any other stent-graft, for Zenith versus any other brand except Excluder, and for AneuRx or Talent compared to the early devices (EVT, Stentor, and Vanguard; Table 4 ). The reduced risk of reintervention with a third-generation device (AneuRx, Ex- cluder, Talent, and Zenith) compared to Vanguard (Table 5 ) remained after adjustments for baseline characteristics.
Rupture
Rupture of the treated aneurysm was documented in 56 (0.8%) of the 6787 patients within an at-risk period of 11,946 personyears, giving an overall annual incidence of rupture of 0.5%. So far, no ruptures have been reported in patients with an EVT/Ancure device. The aneurysm rupture rate was highest (IR ann : 0.8%) in patients with a Stentor or Vanguard device (Table 3 ). Due to the small numbers of ruptures, statistically significant differ-ences were found only for Zenith compared to Stentor (HR: 0.28, pϭ0.04) and Vanguard (HR: 0.26, pϭ0.01; Tables 4 and 5 ). The association between Zenith and Vanguard persisted after adjustments. Additionally, a statistically significant reduced risk of rupture appeared for the AneuRx (HR: 0.32, pϭ0.04) device versus Vanguard (Table 5) 
Mortality
A total of 815 (12%) patients died during an at-risk period of 11,953 person-years. One hundred and sixty-eight (2.5%) patients died within 30 days, of which 15 underwent conversion to open repair. Of the 647 late deaths, 23 (4%) followed a conversion. Overall, the (all-cause) annual mortality rate was 6.8% and was highest (IR ann : 7.5%) in patients with a Zenith and lowest (IR ann : 4.7%) in patients with an EVT/Ancure stent-graft (Table 3 ). The risk of (all-cause) mortality was statistically significantly lower for Excluder versus any other label except EVT/Ancure (Table 4 ). Compared to Vanguard (Table 5) , mortality risk was decreased for all labels except Stentor. However, significantly reduced mortality compared to Vanguard remained only in patients with an Excluder (38%) device after adjustment for baseline characteristics. The same was found when analyzing the combined risk of rupture and death or that of rupture, conversion, and death (data not shown).
DISCUSSION
Although there are several articles reporting long-term results of endovascular repair with individual makes of stent-grafts, 7,9,19-25 only a few compared different endograft models. [11] [12] [13] [14] [15] [16] 26 Based upon small numbers, these studies identified several factors that potentially influence outcome. Patient-related risk factors, such as age and comorbidities, mainly influence short-term results. 19, 27 Factors related to arterial morphology influence short-term success as well as long-term outcome. For example, adverse anatomical features, such as an unfavorable aneurysm neck or narrow iliac arteries, may lead to technical failure at the initial repair. Progressive changes in arterial anatomy during follow-up, such as neck dilatation or aneurysmal transformation of iliac landing zones, may compromise stent-graft function later on. 14, 15, 24, [28] [29] [30] Physician-related factors, such as diagnostic insight, judgment of suitability for treatment, and operating experience, also influence outcome. 31 All of these factors have been constantly changing as endovascular repair has evolved, creating a potential confounding effect upon comparative analyses. The present study hypothesized that (independent) differences exist between different makes of stent-grafts, which suggests that there are endograft-related factors that influence outcome. Therefore, the statistical methods included staged correction for these potentially confounding factors. The results support a conclusion that stent-graftrelated factors do significantly impact outcome independent of all the other factors.
Adjustment steps for demographic and clinical characteristics brought out only minor changes for the outcome events studied. On the other hand, correction for differences in year of operation or factors of vascular morphology resulted in considerable shifts in the risks of complications and in the significance of their associations. Occasionally this was profound, with a reversal of the direction of association. This study confirms the findings of others, as described above, and underlines the importance of risk adjustment in such analyses. Unadjusted risk estimations (e.g., Kaplan-Meier analyses) do not always provide a reliable estimation of risks and might therefore give an unfair comparison between stent-graft models.
This study also confirms the influence of device-specific factors upon almost all early and late complications. 10, [13] [14] [15] 19, 26, 27 The analysis reproduced the widely recognized differences in the incidence of type II endoleak with different stent-graft models. 13, 26 Additionally, differences were also observed in relation to device-related endoleaks between different endografts, some persisting after risk adjustment. Lower incidences of device-related endoleak reflect a combination of maintaining proximal and distal seal and fixation and also better modular stability. Changes in aneurysm diameter remain an important marker of aneurysm exclusion, and device-specific dif- van ferences have been reported. 13, 26, 28, 29 Certain stent-graft makes (e.g., Zenith) are associated with shrinkage more than others. The persistence of differences after risk adjustment (e.g., for endoleak) in this study might suggest an additional role for device components, such as fabric, in influencing postoperative changes in aneurysm size. It is also reassuring to note that most of the newer stent-grafts fare better in this respect compared to earlier generation devices. Kink resistance and fixation depend upon structural aspects of a device, and differences in performance can be expected among stentgrafts. The value of hooks and barbs in improving fixation has been recognized, 10 which is reflected in this study by the lower risk of migration with devices that incorporate these appendages. Devices without hooks or barbs depend upon columnar strength for fixation. However, a risk of cephalad migration (with or without endoleak) exists if the aneurysm decreases in size. Partially supported devices, such as EVT/Ancure, have the potential to migrate downward only. Differences in applicability of stent-grafts exist due to different fixation methods, which are reflected by differences in patient characteristics (anatomical and general) among the stent-graft labels. Differences in outcome remain even after adjusting for these factors.
Primarily unsupported devices (EVT/Ancure) might be expected to have the highest incidence of stent-graft limb occlusion 13, 16, 28 because the lack of device support predisposes to angulation and kinking, with resulting stenosis and thrombosis in the graft. 32 In contrast, this analysis showed that they in fact fared slightly better than the other firstgeneration endografts. This could be due to the smaller number of patients with an Ancure stent-graft. However, this finding might also point to the fact that kink resistance may not be afforded by the mere presence of a stent-graft skeleton but is more a function of the construction of the skeleton.
A high rate of conversion to open repair was found in patients with an EVT/Ancure device. This was primarily due to the large number of conversions for endoleak (including hook breakage) in the early experience with this stent-graft, and this observation is not applicable to the later Ancure device. Significantly fewer conversions were performed in patients with a Zenith device. Zenith also performed better regarding ruptures, as did the AneuRx device. No ruptures were reported with EVT/Ancure, but this might be due to the high number of conversions performed in this group. On the other hand, all-cause mortality, as well as the combined risk of rupture and death or rupture, conversion, and death, was significantly lower with the Excluder endograft. Although the EUROSTAR cohort remains one of the largest, with 56 reported ruptures, caution is necessary while drawing conclusions since the number of ruptures per device label remains small. Encouraging is the observation that 41 ruptures occurred with devices now regarded as obsolete (Stentor, Vanguard, and AneuRx).
Study Limitations
Despite the strengths of EUROSTAR analyses (i.e., large number of patients, multiple stent-graft makes, and extensive follow-up), there are some limitations to the study. Limited data monitoring and the absence of a core laboratory mean that it is not possible to ascertain adherence to the reporting standards by the large number of centers that contribute to the registry. The effect of this is quenched by regression to the mean. Incompleteness of data is considered inevitable in a voluntary registry; however, significant effort is made to remedy this situation. Incompleteness of follow-up is not expected to have significantly influenced this analysis since it was distributed over the different groups. At the inception, the registry was primed by retrospective registration of baseline information and early follow-up results for 13% of all currently registered patients. From 1996 onward, when prospective patient registration and data collection was made mandatory, all information relating to these patients was collected prospectively. Retrospective data was mostly of patients with a Stentor device; the influence of this fact upon the analysis is not measurable but is considered negligible.
Despite extensive risk adjustment, it was not possible to correct for every factor that changed during the study period. Manufac-turers have incorporated modifications in device features to individual stent-graft labels. Suitability criteria for patients have changed. Also, reporting standards and diagnostic abilities for endoleaks and other complications have evolved. These factors could not be separately adjusted for in the analyses. A combined effect of these and possibly other factors is partly reflected by year of operation, explaining the considerable shifts in risks it brought about. However, these factors might still have had some influence on the results in a way that is not quantifiable Vanguard, the largest group of the first and second-generation devices, was taken as a control group to evaluate whether enhancements in design features of the other stentgraft labels indeed translated to improvement in outcome. The short and midterm results of the third-generation stent-grafts appear better compared to the early (and now withdrawn) stent-grafts after accounting for the differences in the duration of follow-up. Nevertheless, third-generation stent-grafts are not immune to complications. A complete comparison will not be possible until even longer follow-up becomes available with the third-generation devices.
Conclusions
Stent-graft labels differ significantly in terms of applicability and individual complications during intermediate and long-term follow-up periods. The differences in outcome are persistent after adjustment for important factors, such as patient characteristics, vascular morphology, and operator experience. Although no single make of stent-graft emerges as the best, it is reassuring to note that the later models of stent-grafts perform better than the early versions. However, so far, reduced risk regarding the primary goal of the intervention-to prevent rupture and death-was observed only for patients with the Excluder device. Results of this comparative analysis should be used to pursue a single device that combines all perceived improvements. Notably, patent protection of some of these design features might be regarded as conflicting with the best interests of our patients.
